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Foreword — At the beginning of the twentieth century, two scientists, the 
£f~) Austrian Victor Hess and the Italian Domenico Pacini, developed independently 

brilliant lines of research^] leading to the determination of the origin of atmo- 
(-h spheric radiation. Before their work, the origin of the radiation today called 

O | "cosmic rays" - was strongly debated, as many scientists thought that these 

1 1 „ particles came from the crust of the Earth. 

The approach by Hess is well known: Hess measured the rate of discharge of 
C"| an electroscope that flew aboard an atmospheric balloon. Because the discharge 

^ rate increased as the balloon flew at higher altitude, he concluded in 1912 that 

the origin could not be terrestrial. For this discovery, Hess was awarded the 
c/3 Nobel Prize in 1936, and his experiment became legendary. 

One year before the conclusive experiment by Hess, in 1911, Pacini, a re- 
searcher at the National Institute of Meteorology and Geodynamics and then 
i professor at the University of Bari, made a series of measurements to determine 

the intensity of the radiation while the electroscope was immersed in a box in the 
CO sea near the Naval Academy in the Bay of Livorno (the Italian Navy supported 

the research) and later in the Bracciano lake. The measures are documented in 
his work La radiazione penetrante alia superficie ed in seno alle acqu^ Pacini 
f^**) discovered (italics are in the original) that the discharge of the oscilloscope was 

CO significantly slower than at the surface: "The apparatus [...] was enclosed in 

I a copper box to be able to immerse in depth. [...] The experiments were per- 

f^*) formed [...] with the apparatus on the surface and immersed at a depth of 3 

meters. [...It] appears from the results of the work described in this Note: that a 
sizable cause of ionization exists in the atmosphere, originating from penetrating 
radiation, independent of the direct action of radioactive substances in the soil." 

• rH 

* Thanks to Dr. Stefania De Angelis from Williams Language Solutions for help in the trans- 
t I lation and editing; and to N. Giglietto, S. Stramaglia, A. Garuccio, L. Guerriero, E. Menichetti, 

P. Spinelli, F. Guerra, N. Robotti, R. Garra, L. Cifarclli and P. Carlson for discussions and 
for material about the work of Pacini. 

1 P. Carlson and A. De Angelis, Nationalism and internationalism in science: the case of 
the discovery of cosmic rays, to appear in Eur. Phys. J. H, arXiv:1012.5068 [physics. hist-ph] ; 
A. De Angelis, Domenico Pacini, uncredited pioneer of the discovery of cosmic rays, Rivista 
del Nuovo Cimento 33, 713-756, 2010. 

2 D. Pacini, La radiazione penetrante alia superficie ed in seno alle acque, Nuovo Cim. 
VI/3 (1912) 93 (February 1912), translated and commented by A. De Angelis, Penetrating 
radiation at the surface of and in water, [arXiv:1002 .1810 [physics.hist-ph]). 
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Documents testify 1 that Pacini and Hess knew of each other's work. Pacini 
died in 1934, two years before the Nobel Prize was awarded for the discovery 
of cosmic rays. While Hess is remembered as the discoverer of cosmic rays, the 
simultaneous discovery by Pacini is forgotten by most. 

Pacini expressed from his very first works on penetrating radiatiorj^] the 
belief that the direct action of active substances in the soil was not sufficient 
to explain the observed properties of penetrating radiation, and developed a 
coherent research line to demonstrate his thesis. One year before his conclusive 
article reporting the measurements in 1911, Pacini made an important step by 
comparing the air ionization on the sea's surface and on ground ^ he found 



that the radiation is only slightly smaller at the sea's surface, and concluded 
that "results seem to indicate that a substantial part of the penetrating radiation 
in the air, especially the one that is subject to significant fluctuations, has an 
origin independent of the direct action of active substances in the upper layers 
the Earth's crustE" 

Here we publish a translation of the work in Ref. 5. Ref. 5 is, with minor 
modifications, the French translation of the original article published by Pacini 
in Italian (Ref. 4); the translation into French was not done by Pacini, but it 
comes from a late revision of the original article by Pacini himself. We thus 
decided to translate and publish Ref. 5, also since in the fundamental paper in 
which he publishes for the first time a significant effect Q Hess quotes the partial 
1908-1910 results by Pacini from the French version itself (Ref. 5). 

The measurements were done on the cacciatorpediniere (destroyer) "Ful- 
mine" from the Italian Navy, which was used since 1907 by the Central Bureau 
of Meteorology and Geodynamics; a picture of this boat takerj^J during the first 
expedition in 1907, expedition to which Pacini participated, is shown below. 





3 See for example D. Pacini, Rend. Acc. Lincei 18 (1909) 123. 
4 D. Pacini, Ann. Uff. Centr. Meteor. XXXII, parte I (1910) 
5 D. Pacini, Le Radium VIII (1911) 307. 
e In italics in the original. 

7 V. Hess, Phys. Zeit. 13 (November 1912) 1084. 

8 L. Palazzo, Bollettino della Societa Aeronautica Italiana 13 (1908) 5. 
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PENETRATING RADIATION ON THE SEA 

Note by D. PACINI 
Translated and commented by M. De Maria and A. De Angelis 



The penetrating radiation observed in the air over the soil surface is coming 
partly from the active substances in the upper layer of the Earth's surface as 
well as from their disintegration products, and partly from outside the soil. 

The penetrating radiation originated from outside the soil is due at least in 
part to the transformation products of the radioactive elements of the air. 

The radiation originating from the soil changes from place to place with the 
changes of the soil nature, in proportion to the content of active materials; in 
the same place, it may be reduced with an increase on the permeability of the 
upper layers, for example because of rainfall, but, for a dry soil, it should remain 
approximately constant. 

The radiation originating from outside the soil varies with the atmospheric 
variations, being influenced by winds, rainfalls, modifications of the electric 
fields of the Earth; all these reasons can determine the accumulation of the 
active materials inside the lower layers of the air and the upper layers of the 
soil. 

Many investigators, studying this phenomenon, have noticed considerable 
variations. For example, the author has found in Sestola in 1908 that the pene- 
trating radiation entailed ionization rates from 6 to 30 ions per cm 3 per seconcj^J 
Similarly MacheJ^jin his experiments conducted in Innsbruck from October 1st 
1907 to October 15th 1908, reached the conclusion that the penetrating radia- 
tion due to the active substances in the air, or fallen from the air on the soil, 
may be 4 times greater than that coming the soil itself. 

Up to now, the results obtained show that if one measures the penetrating 
radiation in a place, with no influences from atmospheric variations or electric 
fields, where the soil is relatively rich in active substances, the importance of the 
soil and of the walls is predominant, with only minor variations in the series of 
values recorded. Conversely, if one performs the same measurement in a place, 
like Sestola, highly exposed to meteorological perturbations and variations of 
the electric potential, a larger variability of the penetrating radiation values is 
expected. 

However, according to Wulf and Kurz, most of the radiation observed in 
air near the ground would be due to active substances of the surface layer and 
the radiation that does not come from inside the ground would be negligible 
compared to the other. The conclusion of Wulf 's work are: 

9 D. Pacini, Rend. Lincei, 18 (1909) 123. 

10 H. Mache Sitzungsberichleu der K. Akad. der Wiss. Wien, 119 (1910). 



3 



1. The penetrating radiation is caused by primary radioactive substances 
lying in the uppermost layers of the Earth extending down to about 1 m 
below the surface. 

2. The fraction of the radiation stemming from the atmosphere is so small 
that is impossible to be detected by the methods that have been used. 

3. The time fluctuations in the 7 radiation can be explained by displacements 
of emanation-rich air masses under the surface of the Earth at larger or 
smaller depths. 

We see then that the results of experiments in Sestola, in Innsbruck and 
elsewhere are not in agreement with the conclusions of WulFI and Kurj^j 
It is therefore necessary to do more research to see if the variable part of the 
penetrating radiation, that can sometimes take significant values, is really due to 
active substances contained in the soil, or whether its origin should be searched, 
at least in part, outside the soil. 

These facts suggested to conduct some experiments on media capable to 
absorb 7 radiation from the soil; for this purpose, I performed the series of 
observations at the surface of the sea, which will now be discussed. 

The experiments were made in Livorno, at the Naval Academy, with two 
Wulf's devices^ Such equipments, besides their low capacity (the ones I have 
used had capacities of 1.2 cm and 1.38 cm respectively) have the advantage to 
enable detecting possible losses caused by insulation faults. 

Comparison between the indications of the two devices 

The two devices I used will be designated by the letters A and B. 

I should note that the thickness of the walls of the device A is larger than 
B. The loss AVi due to isolation faults varied from a negligible amount, to 0.3 
V per hour; only exceptionally it has reached 0.5 V. The first observations were 
made at the meteorological observatory of the Naval Academy. Denoting by 
AV the potential drop in volt per hour, we find that the mean of observations 
made with the device A (AV^ — AV^) is of 16.3 volt per hour, while the device 
B gives for (AV^ — AVi) the value of 25.4 V/h. These two numbers correspond, 
respectively, to 14.6 and 25.8 ions per cm 3 per second. From this value one 
must subtract the amount of ions which, as it will be discussed below, may be 
due to the direct action of the walls of the device; as a result I found: 

n = 14.6 — 4.7= 9.9 ions per cm 3 and per second with device A 
n — 25.8 — 11.0 = 14.8 ions per cm 3 and per second with device B . 

Some measurements with both devices were then performed in the garden 
of the Naval Academy. 

n Th. Wulf, Le Radium 7 (1910) 171. 
12 K. Kurz, Phys. Zeit. 10 (1909) 834. 
13 Th. Wulf, Phys. Zeit. 10 (1909) 152. 
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The Academy is on the seaside. The building has on the land side a garden 
where I placed the two devices protected from the direct radiation from the 
Sun. These observations allowed me to assess how the two devices behave when 
placed in the same conditions. The experiments were continued for 10 days and 
measurements were made with each device every hour, from 7am to 8pm. 

La radiation sur le sol 



7* 8 3 10 11 12 13 14 IS IB 17 18 13 20^ 
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Figure 1 

The diagram in Figure 1 displays the averages obtained taking into account 
all observations, and shows the time dependence of the phenomenon of pene- 
trating radiation into this place during the 10 days in which observations were 
performed. The same diagram allows us to compare the indications of the two 
devices operating simultaneously in the same conditions. 

If we consider the complexity of the phenomenon studied, that is influenced, 
as we know, by the device itself, we conclude that both devices follow, with 
sufficient agreement, the variations of the penetrating radiation the atmosphere. 

To see how much of the observed ionization may be attributed to radiation 
coming from outside, it is necessary to minimize the action of external agents 
and to do this the two devices were placed in various locations, shielded by 
thick lead walls. They were exposed to the sea and on the Bracciano Lake at 
a distance from the shore large enough to totally exclude the action of the soil 
by the air layer interposed, and with a depth of the water large enough that 
the action of the sea (lake) bed was negligible. Furthermore the device A was 
immersed in the water of the Bracciano lake. However the absorbing layers 
were not successful in reducing the internal ionization below the smallest values 
obtained in the series of experiments on the surface of the sea. 
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The minimum value for (AV — AVi) obtained on the sea with the device A, 
was of 5.3 V, which is equivalent to 4.7 ions per cm 3 per second. The device B 
measured a minimum of 10.7 V, i.e., 11.0 ions per cm 3 per second. 

We can therefore say that the walls of the device A generate by themselves 
at most 4.7 ions per second per cm 3 of air contained within in device, and the 
walls of device B at most 11. The differences between the results of isolated 
observations and and the numbers above can be attributed to the action of 
penetrating 7 radiation from outside and to the action of secondary radiation 
generated by the first interacting with the walls of the device. 

From the experiments done in the garden of the Academy it follows that 
the device provides a minimum of 6.5 ions, a maximum of 16.6 and an average 
of 14.6 per cm 3 per second. Subtracting the 4.7 ions that we assume to be due 
to the walls, we have for the device A on the ground: 

Minimum: 1.8 ions per cm 3 and per second; 
Maximum: 11.9 
Average: 6.9 

and for the device B also on the ground: 

Minimum: 3.6 ions per cm 3 and per second; 
Maximum: 25.8 
Average: 14.1 

We see that for the first unit the oscillations of the values of the penetrating 
radiation over the ground are such that the minimum is 26% of the average and 
the maximum is 172% of the same average. 

For the second device, the minimum is 25% of the average value and the 
maximum is 169%. 

We can thus conclude that both devices operating simultaneously on the 
ground showed some oscillations in the values of the penetrating radiation that 
are in a great approximation of the same magnitude. 



Observations on the sea 



With one device (device B), we continued our observations in the garden of 
the Academy. The other (A) was put on a dinghy of the Navy and protected 
from direct radiation of the Sun. The dinghy was anchored at more than 300 
meters from shore, a distance capable to reduce to a fraction of less than 4 
per lOCp^l the radiation coming from the mainland; as at the point chosen for 
anchoring the depth of the sea was beyond 4 meters, the radiation from the 
seabed was completely absorbed^ 

This first series of observations spanned nine days between August 3 and 
August 19. Because of unavoidable circumstances, bad weather in particular, 

14 K. Kurz, Phys. Zeit. 10 (1909) 832. 
15 Wright, Phil. Mag., February 1909. 
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we had to suspend the tests for a few days. 

The result of this series of observations was that the device A measured a 
minimum of 4.7 ions, a maximum of 15.2 and an average of 8.9. 

Since the minimum of 4.7 is compatible with the radiation from the walls, 
we find that: 

a) on the sea (device A) 

while 

{minimum 1.8 ions 
maximum of 11.9 ions 
average of 6.6 ions 

where we took into account all the observations made on land with the device 
A. In average the unit A measures on the sea 2.4 ions less than on the land. 

We can compare the the oscillations observed on the sea and those found on 
ground during the same period with the device B. Device B measured in the 
period from 3 August 19: 

{minimum 7.8 ions 
maximum of 19.9 ions 
average of 12.8 ions 

Considering together the data a and a' we see that the maximum value 
obtained on the sea is 255% of the average, and the maximum value obtained 
simultaneously on land is 155% of the average. 

Conclusion: while both devices showed on the ground the same oscillations 
of the penetrating radiation, now the device A shows oscillations that are clearly 
larger than those measured in the same time on the ground using the device B. 

From August 20 to August 26 the position of the devices was exchanged: B 
was transferred on the sea and A in the garden of the Academy. The device B 
on the sea measured a minimum of 11.0 ions, a maximum of 20 and an average 
of 19.4, and assuming that 11 ions are due to the device itself, we find that: 

{minimum very low 
maximum of 15 ions 
average of 8.4 

while 

{minimum of 3.6 
maximum of 23.8 ions 
average of 13.4 ions 

taking into account again of all the observations made in the land with B. 
In average the unit B measures on the land 5 ions more than on the sea. 



minimum very low 
maximum of 10.5 ions 
average of 4.2 
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For data on land from August 20 to August 26: 

{minimum3.0 
maximum of 10.0 ions 
average of 6.4 

Considering all the data b and b' we see that the maximum obtained at sea is 
178% of the average value, the maximum obtained in the same time on the land 
being 172% of the corresponding average. This second series of experiments 
indicates that the penetrating radiation on the sea undergoes oscillations that 
are at least of the same order of magnitude as on the land. 

About the evolution of the phenomenon on the sea surface and on the land, I 
notice that, when the two devices operate on the land under the same conditions, 
Figure 1 reveals for both the same trend of the penetrating radiation during the 
ten days of observation, and it would be of great interest to compare the trend 
on land and sea; it would be sufficient to compare the series of observations made 
on the sea with the series on the land during the same period. But it is clear 
that in order to show the existence of a possible correlation, it is necessary to do 
a long series of measurements in order to reduce the errors due to unavoidable 
local influences, determined by many occasional causes, to a minimum. The 
winds that can transport variable amounts of active material in the vicinity of 
the devices, the location of the instruments, the holders and the shelters can be 
sources of error. On the sea, at a suitable distance from the shore, these sources 
of error can be reduced; in any case, to make a significant comparison, a period 
of time longer than that I dedicated to the experiment would be needed. 

However, I plotted the results of the observations made on the sea with the 
device A, and on the land with the device B, for the first and longest series of 
measurements made simultaneously at the sea surface and on land of from 3 
to 19 August. The diagram in Figure 2 was constructed taking in account the 
mean values at every hour. Apart from the very high value obtained between 
7:00 and 8:00 am on the land with device B, a correlation between the two trends 
can be perceived. But I repeat that for deciding on this question, a longer series 
of observations would be necessary. 
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La radiation cur le sol et sur 
la mer. 



7 3 9 10 11 12 13 14- 15 16 17 18 19 20 ! . 

I I I I I I i I I I I I I i 

Indications de J'appareil A s /m 

j, }) „ B s /s 

Figure 2 



We now want to suggest a possible explanation of the noticeable oscillations 
observed at the sea surface. The radiation observed on the sea, as far as we know, 
can not be attributed to the active materials in the air and to the products of 
disintegration of the radioactive emanation contained in the sea, products whose 
action on the surface could, as noted by Kurz, be spread in a more effective way 
due to the effect of the sea waves. We found however from our observations, 
that there is no relationship between the state of the sea and the value of the 
penetrating radiation, so we do not have any evidence to attribute oscillations 
of this magnitude to the decay products of radioactive emissions released into 
the sea by the effect of waves. 

About this result, I should recall another result that I have obtained in the 
Gulf of Genovep'l whre, studying the ionization on the open sea, I found that 
often such ionization was relatively low in rough sea conditions. 

During the days in which the experiment was performed, the prevailing 
winds blew from the west, that is to say, from the sea; there were anyway 
also observations made under winds from the coast. 

An examination of the results shows that with low or very low winds from 
the coast, the values of the penetrating radiation tend to be below the average, 
and that with moderate winds from the sea there is also a predominance of 
values below the average. 

Note that no observations were made in presence of strong winds. Moreover, 

16 D. Pacini, Nuovo Cim. 15 (1908) 18. 
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when observations were suspended because of atmospheric disturbances, violent 
sea winds were often blowing. Sometimes the observations began few hours or 
even few moments after the wind had stopped, and one can assume in such 
conditions that the physical properties of air, at least at the sea surface, must 
be influenced for a certain amount of time by the conditions determined by 
the winds that previously had blown so violently. A long series of measures 
would be required to determine if on the sea, at a certain distance from shore, 
a difference of action related to the difference of the wind direction and speed 
exists. 

Summary 

1. The number of ions due to penetrating radiation on the sea is estimated 
to be 2/3 of that on the ground, and consistent values for this ratio have 
been measured using two different devices. 

2. Under the experimental conditions described in this work and according 
to the measurements provided by the device B, whose walls have a thick- 
ness suitable to allow the passage of the largest part of highly penetrating 
radiation, the number of ions generated per cm 3 per second by this radi- 
ation at the sea surface, is smaller by 5 ions with respect to the average 
value observed on land. We assumed for the charge of the ions the new 
value e = 4.65 x 1(T 10 U.E.S. 

3. The penetrating radiation on the sea at a distance of more than 500 meters 
from shore with water depths larger than 4 meters, under conditions that 
allow to neglect the radiation from the soil, undergoes oscillations that are 
at least of the same order of magnitude than observed at the same time 
on the ground. 

4. As no relationship appears to exist between the state of the sea and the 
action of gamma rays, we cannot attribute the oscillations of the radiation 
level to decay products of emanations that could possibly be released from 
the water with larger intensity, according to the intensity of the sea waves 
related to storms. 

5. During the experiments, the winds blowing were generally weak and came 
from the sea; the data collected do not allow establishing whether a re- 
lationship exists between the penetrating radiation and the wind's speed 
and direction. 

These results agree with those obtained by the author in Sestola and later by 
Mache in Innsbruck: in the air at the sea surface, as well as on the rocks of the 
Apennines near Modena, I found that the penetrating radiation may undergo 
large oscillations from relatively high values to so small values that they could 
be attributed almost entirely to the action of the walls of the device. Large 
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oscillations occur near the rocks of the mountains, on the air above the sea, and 
on the ground, where the ionization produced by radiation is larger because of 
the direct action of active substances from the soil. 

The number of ions due to penetrating radiation on the sea being the 2/3 of 
those on land, we can explain the relatively high value of the ionization of the free 
atmosphere at the surface of the seapj An important question remains open, 
since our knowledge of the quantity of active substances in sea water and air 
does not allow us to explain the large values found for the penetrating radiation 
on the seaj^jnor on the mainland (Cockers balloon measurements^ and Wulf's 
measurements on the Eiffel ToweiFj) at a sufficient height that one can neglect 
the action of the active substances form the soil. Anyway such results seem to 
indicate that a substantial part of the penetrating radiation in the air, especially 
the one that is subject to significant oscillations, has an origin independent of 
the direct action of active substances in the upper layers the Earth 's crust. 

[Manuscript received April 2, 1911] . 

[Translated by L. Bloch] . 



La radiation penetrante sttr la mer 1 

. Par D. PACINI 

[lnsUtut Conirtil MCiitfiuIugiqu.L' es GcottyiMaii^uc d'hftlio.J 

La radiation penetrante obseivee dans Fair m- sutelances actives contenues dans ]cs couches les plus 
dijisUB de h surface du sol provient on partie dcs superficiellee, iiinsi que de leurs produits ile di/sinle- 
i. IMttetre Miinmuiiiiiuc, par 1'suttnr, gration , el en partic a son origine hors du sol. 



17 D. Pacini, Nuovo Cim., 15 (1908) 18. 

18 A.S. Eve, Terr. Magn. and Atm. Elect., 1910 - D. Pacini, Nuovo Cimento, (1910) 449. 
19 A. Goeckel, Phis. Ze.it., (1910) 280. 
20 A. Wulf, Phis. Zeit, (1910) 814. 
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Le Radium. 



Une cause au moins de cettc seconde parlie se 
trouvc dans les produits do transformation dcs ema- 
nations radioactives contcnucs dans l'air. 

La radiation provenant des substances actives con- 
tenues dans le sol variera d'endroit a endroit avec la 
nature du terrain a proportion de sa richessc en ma- 
tcriaux actifs; dans un memo lieu clle diminuera en 
general en memo temps que la permeabilite de la 
couche superficielle, par cxemple, par suite des pre- 
cipitations; mais quand le terrain est sec, elle devra 
roster rclativement constante. 

La sc^onde partie oscillera avec les variations atmo- 
spheriques : elle subira l'influence des vents, dcs 
precipitations, des phenomenes de condensation du 
champ electrique terrestre, causes qui peuvent deter- 
miner une accumulation, dans les couches inferieures 
de l'air ct sur la surface du sol, de la matiere active 
diffuse dans l'atmosphere. 

Divers cxperimcntateurs,etudiant ce phenomene,ont 
observe qu'il est sujet a des variations notables. Par 
exemple, l'auteur a trouvc en 1908 a Sestola que la ra- 
diation penetrante presente des valeurs qui varient de 6 
a 50 ions par cm 3 et par seconde 1 . De meme Mache 2 , 
de la serie d'experiences qu'il a failes a Innsbruck du 
l er octobre 1907 au 15 octobrc 1908 conclut que la 
portion de la radiation penetrante due aux substances 
actives contcnues dans l'air, ou deposees de l'air sur 
le sol, peut depasser 4 fois celle qui provient du sol 
lui-meme. 

Les resultats obtenus jusqu'ici montrent que si on 
mcsurela radiation penetrante en un endroit oil lesol 
est relativement riche en substances actives et a l'abri 
des varialions almospheriques et du champ electrique 
terrestre, on trouvera que Taction du sol et des parois 
est prcponderante, les oscillations dans les valeurs 
observees n'etant qu'une petite fraction de la moyenne; 
m;iis quand on experimente, comme a Sestola, sur 
une hauteur cxposee a des perturbations meleorolo- 
giques notables et a de forts changements dans la chute 
du potentiel, nous devrons nous attendre aussi a dcs 
variations notables dans les valeurs de la radiation 
penetrante. 

Toutefois, d'apres Wulf et Kurz, la majeure partie 
de la radiation observee dans l'air pres du sol, serait 
due aux substances actives de la couche superficielle, 
et la radiation qui nc provient pas de l'intcrieur du 
sol serait negligeable par rapport a l'autre. Yoici la 
conclusion du travail de Wulf : 

1° « Le rayonnement penetrant est cause par les 
substances radioactives qui gisent, dans les couches 
superieures de la terre, a environ 1 m. sous la 
surface. 

2" « La partie du rayonnement qui prend son origiue 

1. D. Puiki, Rend. Linrei, 18 (1909) 123. 

2. H. 5hcHt, Sitiunqsbericliten tier K. A/,ad. der It -is*. 
]Vie», 119 (1910). 



dans l'atmosphere est si petite, qu'il est impossible 
de la constater avec les rnoyens usites. 

5° « Les oscillations dans le rayonnement y peu- 
vent etre expliquees par le deplaccment des masses 
d'air plus riches en emanations contenues dans l'inte- 
rieur de la terre aux endroits plus ou moins pro- 
fonds. » 

On voit done que les resultats des experiences faitcs 
a Sestola, a Innsbruck et ailleurs ne s'accordent pas 
avec les conclusions auxquelles arrivent Wulf 1 et 
Kurz 2 . II est done necessaire de fairc de nouvelles 
rcchcrches pour voir si cettc partie variable de la ra- 
diation penetrante qui peut prendre parfois dcs valeurs 
notables, est vraiment due aux substances actives con- 
tcnues dans le sol ou si Ton doit en rechcrchcr la 
cause, au moins partielle en dehors du sol. 

II fallait pour cela instituer des experiences sur les 
milieux absorbant le rayonnement y provenant du sol, 
et,a cet effet,j'ai fait a la surface de la mer, la serie 
des observations dont il va etre question. 

Les experiences ont ete faites a Livourne, a l'Aca- 
demie Navale, avec deux appareils de Wulf 3 . Ces appa- 
reils, outre leur faible capacite (ceux dont je me suis 
servi avaient des capacites de 1,2 et 1,58 cm) ont 
l'avantage de permettre de constater le cas echeant la 
deperdition due a des defauts d'isolement. 

Comparaison entre les indications 
des deux appareils. 

Les deux appareils dont je me suis servi seront de- 
signed par les lettres A et B. 

Je dois faire remarquer que l'epaisseur des parois 
de l'appareil A est plus grande que celle des parois 
de B. La pertc \v l par defaut d'isolement a varie entre 
une quantite negligeable, et0,5i> par heurc. C'est seu- 
Iement exceptionnellement qu'elle a attcint 0,5v. Les 
premieres observations ont ete faites a l'observatoire 
meteorologique de l'Academie Navale. Designant par 
\v la chute du potentiel en volts par heure, on trouve 
que la moyenne des observations faites avec l'appareil 
A donne pour \v — \v i la valeur \ 6,5 en volts par 
heure, tandis que l'appareil B donne la valeur 25,1. 
Ces deux nombres correspondent respeetivement a. 
14,6 et 25,8 ions par cm' et par seconde. Be ces valeurs 
il faut retrancher le montant des ions qui, comme il 
sera dit plus loin, peuvent etre dus a Faction dirccte 
des parois des appareils, et Ton trouve aussi : 

n = 1 4,6 — 4,7 = 9,9 ions par cm 3 et par seconde 
avec l'appareil A. 

?r=25,8 — 11,0— 14,8 ions par cm 3 et par seconde 
avec l'appareil B. 

Ensuite des experiences avec les deux appareils 

1. TI). AVui.i, Le Radium, 7 (1910) 111. 

2. K. Kmi/., I'hys. Zeiisdir., 10 (1909) 834. 
5. T11. YUlf, Phys. Zeilschr., 10 (1909) 152. 
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furcnt enlroprises dans 1c jardin dc TAcade'mie 
Navale. 

L'Academie est au bord de la mer. L'edifice a du 
cole dc la lerre le jardin oil j'ai dispose les deux 
apparcils en les mcttanl a l'abri de la radiation 
dircctc du solcil. Ces observations devaient mc per- 
nicltre d'appreeier la manierc don't se cornporlent les 
deux appareils places dans les memes conditions. Les 
experiences furent continu'es pendant 10 jours et les 
observations furent faites sur chaque apparcil, d'heurc 
cnheure, de 7 heures du malin ii 8 heures du soir. 

Le diagramme de la figure 1 est la traduction gra- 
pliique des moyennes obtenucs en tenant compte de 
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Fig. 1. 

toutes les observations, et represente Failure du phe- 
nomene de la radiation penetrante en ce lieu dans les 
10 jours pendant lesquels furent faites les observa- 
tions. 

Le meme di.igr.im me nous permet dc faire la com- 
paraison entre les indications de deux appareils fonc- 
lionnant simultanement dans les memes conditions. 

Si nous tenons compte de la complexite' du pheno- 
mene etudie, sur lequel influe, comme on sait, Tap- 
pareil de mesure lui-meme, nous devons conclure que 
les deux appareils snivent avec line concordance 
suffisante les variations de la radiation penetrante 
dans V atmosphere . 

Pour voir quelle portion de l'ionisation observee 
peut s'altribuer aux radiations provenant de Texte- 
rieur, il fallait reduire autant que possible Taction 
des agents exterieurs et a cette fin les deux appareils 
furent places en divers endroits, et proteges par 
d'epaisses parois de plomb. lis furent exposes a l'air 
de la mer et sur le lac de Bracciano a distance suffi- 
sante du bord pour exclure lotalement Taction du sol 
par Tabsorption de la couche d'air interposee et sur 
une profondeur d'eau suffisante pour eliminer com- 
pletement Taction du fond. De plus Tappareil A fut 



immerge dans les eaux du lac de Bracciano. Avec les 
couches absorbantes on n'a pas reussi a reduire l'ioni- 
sation interne au-dessous des valeurs les plus petites 
obtenues dans la serie des experiences faites a la sur- 
face de la mer. 

Le minimum de \v — Ay,, obtenu sur mer avec 
Tappareil A, fut de 5,ot', ce qui equivaut a 4,7 ions 
par cm 3 ct parseconde. L'appareil B a donne le mini- 
mum de 10, Iv ou 1 1,0 ions. 

Nous pouvons done dire que les parois de Tappareil 
A engendrent par elles-memes tout au plus 4,7 ions 
par secondc et par cm 3 d'air contenu a i'interieur de 
Tappareil, celle de Tappareil B lout au plus 11. Les 
differences entre les resultals des observations isole'es 
et les nombrcs ci-dessus peuvent etre attribue'es a 
Taction des radiations pe'netrantes y provenant de 
Textericur et a Taction des radiations secondaires sus- 
citees par les premieres sur les parois de Tappareil. 

Des experiences faites dans le jardin de T Academic, 
il resulte que Tappareil donne un minimum de 6,5 
ions, un maximum de 16,6 et une moyenne dc 11,6 
par cm 5 et par seconde. Betranchant les 4,7 ions que 
nous supposons dus aux parois, on a pour Tappareil 
A sur le terrain : 

Minimum : 1,8 ions par cm" et par seconde; 
Maximum : 11,9. 
Moyenne : 6,9. 

et pour Tappareil B egalement sur le terrain : 

Minimum : 0,6 ions par cm 5 et par seconde; 
Maximum : 23,8. 
Moyenne : 14,1 . 

On voit que pour le premier apparcil les oscillations 
des valeurs dc la radiation penetrante sur le ter- 
rain sont lelles que le minimum est les 26 °/ de la 
moyenne, et le maximum les 172% de la meme 
moyenne. 

Pour le second appareil le minimum represente 
25 °/„ de la valeur moyenne et lc maximum 169 %. 

Nous pouvons done conclure que les deux appareils 
fonctionnant simultanement sur le terrain nous 
ont donne cliacun dans les valeurs de la radiation 
pe'ne Iran te des oscillations quisonl avec une grand e 
approximation de la meme grandeur. 

Observations faites sur la mer. 

Avec Tun des appareils (Tappareil B), on a continue 
les observations dans le jardin de l'Acade'mie. L'autre 
(A) fut hisse a bord d'un canot de la marine et mis 
a Tabri de la radiation directe du soleil. Le canot fut 
ancre a plus de 500 metres du rivage, distance a 
laquelle la radiation provenant de la lerre ferme elait 
re'duile a une fraction inferieure a 4 pour 100 1 ; et, 

1. K. Kubz, Phys. Zeitschr., 10 (1909) 832. 
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rommi' an point ehois-i pour lo mouillage la profon- 
dour do la nicr depassait \ metres, les radial inns 
venanl dit fund etaienl totalemenl absorbees 1 . 

Pour cctlc premiere serie d'observations on a em- 
ploye 9 jours enlre lo a et le 19 aout. A cause de 
eireonstances inevitables, specialcmenl a cause du 
nrauvais lemps, on a du suspendre les experiences 
pendant quelques jours. 

Le resultat de celte serie d'observations est que 
l'appareil A a donne un minimum de 4,7 ions, un 
maximum de 15,2 et une moyenne de 8,9. 

Kt puisquc nous eonsiderons ce minimum de 4,7 
commeentieremont du aux paroi<, nous trouvons que : 

( minimum tres faible 

ft) sur mcr (appareil A) < maximum de 10,5 ions 

( moyenne de 4,2 » 

landis que : 

( minimum de \ ,8 )) 

sur lerro (appareil A) 1 maximum de \ 1 ,9 » 

( moyenne de 6,6 » 

oil Ton a lenu corupte de toutes les observations fa les 
a terre avee l'appareil A. Kti moyenne l'appareil A 
nous donne sur mcr 2,4 ions de moins que sur 
terre. 

Nous pouvons fairc la comparaison cntrc la gran- 
deur des oscillations trouvecs sur mer et celles des 
oscillations trouvees sur terre pendant le meme lemps 
avec l'appareil B. 

Celui-ci nous a donne dans la periode du a au 
19 aout : 

S minimum de 7,8 ions 
maximum de 19,9 » 
moyenne de -1 2,8. » 

Considerant ensemble les donnees a et a nous 
voyons que la valeur maxima obtenue sur mcr est 
255 °/ de la moyenne ; la valeur maxima obtenue si- 
multane'menl a terre 155 °/ de la moyenne. 

Conclusion : tandis que les deux appareils indi- 
quaicnt a terre des oscillations egales de la radiation 
penetrante, mainlenant l'appareil A fonctionnant sur 
mer nous revfcle des oscillations nettement superieures 
a celles qui sont fournies dans le meme temps a terre 
par l'appareil B. 

Du 20 au 26 aout les appareils furcnt changes de 
position : B fut porte en mer et A dans le jardin de 
l'Academie. 

L'appareil B en mer nous a donne un minimum de 
11,0 ions, un maximum de 20 et une moyenne de 
49,4, et dans l'hypolhesc que 1 1 ions sont dus a l'ap- 
pareil lui-meme, nous trouvons que : 

! Minimum tres faible 
maximum de 15 ions 
moyenne de 8,4 » 
1. WnicHT, Phil. Mat)., Fevrier 1909. 



tandis que : 

[ minimum do a, 6 ions 
n) sur lerre avec 1'app.ireilB < maximum de27>, 8 » 

( moyenne de la, 4 » 

tenant compte ici encore de loulcs les observations 
faitcs a terre avec B. 

En moyenne l'appareil B nous [ournit a terre 5 ions 
de plus que sur mcr. 

Pour les donnees obtenucs sur t< rre ferme du 
20 au 26 aout : 

( minimum de 3,0 ions 
b') a terre 1 maximum de 10,0 » 
( mnyenne de 0,4 » 

Considiirant ensemble les donnees /; et b' on vo't 
que le maximum obtenu sur mcr est 178 °/o de la 
valeur moyenne, le maximum obtenu dans le meme 
temps a terre etant 172 °/ de la moyenne correspon- 
dante. Cette seconde serie d'experiences nous indiquc 
que sur mer la radiition penetrante subit des oscilla- 
tions qui sont au moins du meme ordre de grandeur 
que sur lerre. 

Touchant Failure du phe'nomene sur mer et sur 
terre j'observe que, quand les deux appareils fonction- 
nent a terre dans les memes conditions, la figure 1 
nous revelc pour les deux la meme allure de la radia- 
tion penetrante dans les dix jours d'observation, et il 
serait du plus grand interet de comparer l'allure du 
phenomene sur terre et sur mer; il suffirait pourcela 
de eonfronter la serie d'observations faites sur mer 
avec celle qui a etc faite a terre pendant le meme 
temps. Mais il est evident que dans les phenomenes 
de cette nature, pour pouvoir se prononcer sur l'exis- 
tcnee d'une analogic d'allure plus ou moins grande, il 
l'aut une longue serie de mesures; et cela pour re- 
duire dans l'ensemble au minimum les erreurs prove- 
nant des influences locales inevitables, mais qui peu- 
venl etre determinees par beaucoup de causes occa- 
sionnellcs. Les vents qui peuvent transporter au voi- 
sinage des appareils des quantites variables de matiere 
active, la disposition des instruments, Taction des 
supports et des abris peuvent etre autant de causes 
d'erreurs. Sur mer, a distance convcnablc du bord, ces 
causes d'erreur ueuvent etre moindres, en tout cas il 
faudrait, pour faire une comparaison, une periode de 
temps plus longue que celles durant laquelle j'ai pu 
cxpe'rimentcr. 

J'ai toutefois construit le diagramme des observa- 
tions faites en mer avec l'appareil Acta terre avec B : 
la premiere et ,1a plus longue serie de mesures faitcs 
simultanement en mer et sur terre du 5 au 19 aout. 
Le diagramme de la fig. 2 a ete construit en prenant 
les valours mojennes pour chaque hcure. Si Ton 
excepte la valeur tres elevoe obtenue cntre 7 heurcs 
et 8 heurcs du matin a terre avec l'appareil B, on 
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apercoil dans le res to des deux lignos uno eertaine 
analogic. Mais jo repelc que, pour decider eetle ques- 
tiou, une si'rie d'obscrvations plus longues est neces- 
sairc. 

Nous voulons niainlenant presenter unc considera- 
tion deslincc a nous oricnter en quelque faeou sur Ic 

La radiation sur le sol et sur 
la mer. 
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Fig. 2. 

siege dc la cause des oscillations notables observers a 
la surface dc la mer. La radiation obscrvee sur mer, 
pour autant qu'on la connait. ne pent elre attribnee 
qu'aux produits actifs presents dans Fair et aux pro- 
duils de disintegration des emanations radioactives 
eonlcnucs dans la mer, produits dont Faction a la 
surface pourrait, comme Fa remarque Kurz 1 , elre d'au- 
lant plus sensible que le degagement d'emanation 
serait plus favorisc par la houle. Des observations 
individuelles que nous avons faitcs, nous devons con- 
clnre qu'il n'y a aucune relation cntre Fetal de la mer 
et la valeur de la radiation penetrante; noits n'a- 
vons done aucun element pour atlribuer les oscilla- 
tions de cetle grandeur aux produits de disinte- 
gration des emanations radioactives Jibe'rc'es dans 
la mer par 1'cffel de la houle. 

A propos dc ce rcsultat, il convicnt de rappcler un 
autre resultat oblenu par moi dans le golfe de Genes 2 , 
lorsque, etudiant Fionisation de Fair libre sur mer, 
j'ai trouve que sou vent l'ionisalion etait relativement 
faible quand la mer etait agitee. 

Pendant les journees d'experience, les vents predo- 
minants soufflaient de Fouest, e'est-a-dire de la mer; 
il y eut pourtant aussi des observations faitcs par vent 
de terre. 

L'examen des resultats monlre seulement que par 

1. K. Kmiz, Abh. d. 1>. Bayer. Ahad. d. Wiss., 25 (1909) I. 

2. D. Pacini, Ntiovo Cimenlo, 15 (1908) 18. 



\enl dc lerrc faible ou Ires faible, il j a predominance 
de valeurs de la radiation penetrante inferieure a la 
moyennc, et qu'avec des vents de mer moderes il y a 
egalement predominance de valours inferieures k la 
mo\cnnc. 

Nolons qu'on n'a pas fait d'observations par vent 
fort. Dc plus, dans les intervalles pendant lesquels on 
n'a pu experimenter h cause des perturbations atmo- 
spheriques, on a cu soinent des vents dc nior violents. 
Tarfois les observations ont commence quclqucs heures 
ou ineme quelques instants apres cessation du vent de 
mer violent, et Fon peut penser que dans ces condi- 
tions les proprietes physiques de l'air, au moins sur 
mer, doivenl sc ressentir pendant un certain temps 
des conditions delerminees par les -\ents qui ont 
souflle avec violence dans la periodc prcccdente. 

Tour decider s'il cxisle sur mer, h unc eertaine 
distance du rivagc, unc difference d'action qui sc rat- 
tache aux differences d'orientalion el de vitessc du 
vent, il faudrait done unc longuc seric de mesures. 

R&sumd. 

1 . Le nombrc des ions dus a la radiation penetrante 
sur mer est estime les 2/5 de eolui qu'on rencontre 
sur terre forme, et cc rapport a etc obtenu d'une 
facon concordantc avee deux appareils diflercnls. 

2. Dans les conditions cxperimentales decrites au 
cours de ce travail et scion b s indications fournies 
par l'appareil D, dont les pnrois ont unc epaisscur 
eonvenablo pour laisser passage a la grande majorite 
des radiations Ires penetrantes, sur mer le nombre 
d'ions engendres par cette radiation par cm 7 ' ct par 
sccondc, est inferieur de T> ions a la valeur moyeime 
obscrvee sur terre forme. On a pris pour la charge de 
1'ion la valour nouvellecorrigce c = A, (>."). iO-'°U. E. S. 

5. La radiation penetrante sur mer, a unc distance 
de plus de 500 metres du rivage ct avec une profon- 
deur d'eau superieurc a 4 metres, dans des conditions 
qui permcttent dc negliger les radiations venant de la 
lerrc, subit des oscillations qui sont au moins du 
memo ordre de grandeur que celles qu'on observe dans 
lc memo temps a terre. 

A. Comme il ne parait oxistcr aucune relation enlre 
Fetal do la m?r et Faction des valours du rayonne- 
ment nous ne pouvons attribucr les oscillations de 
cc rayonnement aux produits de disintegration des 
emanations qui pourraient eventuellement elre libe- 
ries des caux avec plus ou moins dc facilite, selon 
l'intensite dc la houle. 

5. Durant les experiences, los vents qui soufflaient 
etaient generalement faibles et venaient de la mer: 
les donnees recueillies ne permettent pas d'etablir s'il 
existeou non une relation entre la radiation penetrante 
et la vitesse et Forientation du vent. 

Ces resultats s'accordent avec ceux qui ont etc 
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obtenus par l'auteur a Sestola et posterieureinent par 
Mache a Innsbruck : dans l'air a la surface de la mer 
comme sur les roches dc l'Apcnnin, pros de Modene, 
j'ai constate que la radiation peneirante peut subir 
d'atnples oscillations, passant de valeurs relalivement 
elevees a des valeurs si petiles qu'on doit les attribuer 
presque totalementa Taction des parois de l'appareil. 
Les grandes oscillations so rencontrenl done a la fuis 
sur les roches des montagnes, dans l'air de la mer, et 
sur le sol ordinaire oil pourtant l'ionisation de l'air 
produite par la radiation pene'trante est plus grande a 
cause de Taction directe des substances actives du sol. 

Le nombre des ions dus a la radiation penetrante 
sur mer etant les 2/5 de celui qu'on observe sur 
terre ferme, on s'explique les valeurs relativement 
elevees de l'ionisation de la libre atmosphere a la 
surface dc la mer 1 . Une grave question rcste ou- 
verte, par suite du fait que nos connaissances tou- 
chant la quantite des substances actives contenues 

i. D. Pacini, Nuovo Cimenlo, 15 (1908) 18. 



dans Teau dc la mer et dans l'air ne nous permetlent 
pas de nous expliquer les valeurs elevees trouvees par 
T experience pour la radiation peneirante sur mer 1 , 
ni sur lc continent (experiences dc Gockel en ballon 2 
ct de Wulf sur la Tour Eiffel 5 ) a une hauteur suffi- 
santc pour qu'on puisse negliger Taction directe des 
substances actives contenues dans le sol. D'ailleurs 
les resultats precedents semblent monlrcr qu'une 
parlie appreciable de la radiation penetrante pre- 
terite dans l'air, par ticulierement cellequiest mjelie 
a des oscillations notables, a une origine inde'pen- 
danle de Taction directe des substances actives con- 
tenues dans les couches supe'rieures de la croule 
terrestre. 

[Manuscrit rccu lc 2 Avril 1911]. 

[Traduit par L. Di.ocii]. 
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